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The Idaho National Engineering Laboratory (INEL) is working with the Low
Emissions Partnership of the U.S. Council for Automotive Research (USCAR) on
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supported by the Office of Advanced Automotive Technologies in the DOE Office
of Transportation Technologies. These projects are focused on developing
manufacturing technologies that will lead to increased reliability,
t1me11ness, and cost and energy eff1c1ency for the automotive 1ndustry These
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in summary form.

Advanced Manufacturing, Part Integrity - Bore Spray Diagnostics - Advanced
Manufacturwng is Pro;ect #3 1n the ESST Program; it is a three-year project,
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and the CRADA was alyueu in February, 1995. The project consists of four
separate tasks, and various DOE National lLaboratories are working with the LEP

on these tasks Work on the Part Integrity-Bore Spray Dlagnostics task began
in June, 1995, by the INEL and Sandia National Laboratory. Several approaches
have been explored for building aluminum engine with acceptable service
iifetimes. These have inciuded iron or ceramic sieeve inserts that are cast
or pressed into the aluminum block, special high-silicon aluminum alloys, and
electronlating the cylinder walls w1th wear-resistant coating materials. This

project examines the use of thermal spray coatings with the spec1f1c objective
of developing Nondestructive Evaluation (NDE) technology to characterize
critical properties of thermal spray coatings on cylinder bores in aluminum
engine biocks. These criticai properties inciude bond integrity of coatings
to the aluminum substrate, microstructure and coating soundness (e.g.,
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Key accomplishments to date include the evaluation of six different NDE
techniques for measuring the thickness and uniformity of sprayed coatings
during the past year. The industry partners then selected two NDE techniques

for eva]uation in a production environment. A prototype system has been

Aacinnad and 3¢ naw n ndnv- rnne+r||r+1nn =+ +ha TNC| T+ will ha dalivavad +n
G o lsllc\l Illl\.l la VW Uil CUHI LI UL IV LG E 2 A 1 5% Sy 40 wWiIN1 MO UG IVTET bW v

the industry partners during the coming year. The ultimate objective is to
apply real-time NDE process control to the thermal spray process that will
facilitate the economic mass production of aluminum engine blocks with wear-
resistant cyiinder waiis throughout the automotive industry.



Intelligent Welding of Thin Metal Sections - Intelligent Welding of Thin Metal
Sections is part of Project #4 in the ESST Program. It started as a three-

year project, and the CRADA was originaiiy signed in January, 1994; the CRADA
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O0ak Ridge National Laboratory and extended for two vears. The obhiective of

the progect is to develop a set of process and weld diagnostic tools to
quantify the impact of variations in material and process on weld quality.

The approach is to apply recent advances in the intelligent control of welding
processes to piant fioor operations in order to reduce scrap, increase product
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materials, and improve productivity and efficiency. The work is presently

focused on the precompetifi;e'development of two tools. One is a pdriable
diagnostic system. The purpose of the diagnostic system is to: 1) Monitor
weiding process, Z) Obtain information rrom eiectrical and vision sensors,
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welding process; and 5) Provide the operator with suggestions for changing the

p;ocess. 'iRé'EecBH& tool is a process “model that 1nco;pdrates a grapnical
user interface that supports weld procedure development. Both tools are based
on a fundamental understanding of heat and mass transfer from the welding
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Key accomplishments to date include synchronizing weld vision video and
electrical signal data acquisition in both a laboratory and plant floor
environment. The design of a modular computer-based portable diagnostic

system was then estabiished and prototype hardware was packaged for piant
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been delivered for in-plant evaluation of gas tungsten arc welding. They

provide a rapid, non- 1ntru51ve means of determining the condition of the
welding equipment, the state of the welding process being analyzed, and
guidance for correcting identified prob]ems. Utilization of the diagnostic

systems has resuited in iﬁp?ﬁVéu fixtiure designs and weidiﬁg practices béiﬁg
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on the establishment of a prototype system for gas metal arc welding and the
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in-plant evaluation of a prototype system. The “ultimate goal of 1mp1ement1ng
real-time welding control appears achievable.
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Automotive Applications is Project #6 in the ESST Program. It is a five-year
project, and the CRADA was signed in June, 1994. The obJective of the project

is to develop a cost-effective, commercially viable spray forming process for
tne rapld production of net- snape mo|ds, dies, and reiated tooiing, and to
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demonstrate the technology by producing simple and compiex-shaped tooling To
evaluation by USCAR participants., The apnroach uses INElL-patented spray
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forming techno]oqv to produce tooiinq, such as plastic 1nJection molds and
stamping dies, by combining rapid solidification proce551ng and net-shape
materials proce551ng into a Single step. The approach is compatible with

rapid prototyping tecnnonogy, such as snereonitnograpny, seiective iaser
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sintering, and laminated object manufacturing. Heat is extracted rapidiy in-
flight, by convection as the sprav iet entrains cool inert gas to nroduce
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undercooled and semi-solid drop]ets. At the pattern, the droplets weld
together while replicating the shape and surface features of the pattern.
Tool formation is rapid; bench-scale tools have been produced in minutes.



The work began using low melting point alloys, starting with tin and then
working up in melting point to zinc- and aluminum-based alloys and finally
tool steel. The experimental work has been supplemented with mathematical
modeling of the spray forming process. Results have now demonstrated the
technical feasibility of spray forming Kirksite (a die alloy used for plastic
molding) and aluminum-based prototype tooling for plastic injection molding.
Tool pattern shape and surface texture replication were excellent, even with
D2 tool steel. "As-sprayed"” tooling is near the theoretical density with
hardness approximately 20% higher than cast material. Compared to commercial
material, spray-formed tooling exhibits a refined, homogenous microstructure
for improved wear resistance. Due to rapid solidification of - spray formed
material, a unique heat treatment process is possible resulting in increased
tool hardness with minimal distortion. Construction of a prototype spray
forming system for producing low-cost, net-shape tooling is nearing
completion.

Development of a New Spark Plug Heat Rating Test Apparatus - The Development
of a New Spark Plug Heat Rating Test Apparatus is part of Project #14 in the
ESST Program; it is a three-year project. The CRADA was signed in January,
1995, and it also includes the Champion Spark Plug Division of Cooper
Industries and the Autolite Division of Allied Signal. The objective of the
project is to develop a new spark plug heat rating test apparatus to
substitute for and replace the existing LABECO single cylinder internal
combustion engine that uses benzene as its fuel. The approach is to develop a
non-combustion spark plug heat transfer test apparatus for determining heat
rating. Work began with the development of a spark plug heat transfer model
in order to predict maximum plug surface temperatures. A first generation
non-combustion test apparatus was then constructed, and techniques were
developed for measuring plug surface temperature for correlation and
validation of the mathematical model. A number of modifications have been
made to the first-generation apparatus, and work has now focused on
correlating existing plug heat ratings with maximum plug surface temperatures
using an infra-red camera. The initial correlations have been excellent, but
they must be expanded and validated for all plug families, particularly at
high temperatures (up to 1100°C). This issue is now considered the key
technical hurdle for this project.



